This paper discusses the constraint to the wide use of solar photovoltaic for household power generation in Nigeria. Solar photovoltaic is a viable alternative energy for power generation in Nigeria. However, the use is constrained by the high cost of the photovoltaic components. The average power estimate for a 3-bed room flat using low-power consuming appliances is 1.086KWh. The design analysis shows that it will cost about N740, 000 beside installation cost to generate this amount of power using solar photovoltaic means. 243Wh power rate suitable for a room apartment will cost N173, 000 to generate using solar photovoltaic. An average person because of the initial capital cost will opt for a small generator to power his apartment rather than investing on solar photovoltaic. However, on the long run, the man with generator will end up spending more on power generation than the person who invest in solar photovoltaic. The generator will impact negatively on the environment unlike the Solar PV.
INTRODUCTION
Solar energy is the light and radiant from the Sun that influences earth's climate and weather. It is the source of energy that sustains life in the earth planet. Solar radiation along with secondary solar resources such as wind and wave power, hydroelectricity and biomass accounts for over 99.97% of the available flow of renewable energy on earth. According to this source, the earth receives 174 petawatts (PW) of incoming solar radiation known as insolation at the upper atmosphere [1] . Approximately 30% is reflected back to space while the rest is absorbed by clouds, oceans and land masses. The total solar energy absorbed by earth's atmosphere, oceans and land masses is approximately 3,850 zettajoules (ZJ) per year. Photosynthesis captures approximately 3 ZJ per year in biomass. The amount of solar energy reaching the surface of the planet is so vast that in one year it is about twice as much as will ever be obtained from all of the earth's non-renewable resources of coal, oil, natural gas, and mined uranium combined. The annual average solar radiation is 5.4kW/m 2 day [1, 2]. Solar photovoltaic energy is the conversion of sunlight into electricity. The technology used to convert solar energy directly into electrical power is called photovoltaic cell otherwise known as solar cell or PV. The photovoltaic cell is made of silicon alloys. This technology provides a sustainable alternative source of energy for power generation. The fact that we have sunlight composed of photons or particles of solar energy all the year round makes it a sustainable energy source for power generation. Solar energy is being used all over the world for various applications like heating, drying, providing electricity, etc [3] . Nigeria is one of the tropical countries of the world which lies approximately between 4 o and 14 o above the equator. It is estimated that Nigeria receives on the average 20MJ/m 2 per day of solar insolation depending on the time of the year and the location considered [4, 5] . If 0.1% of the total solar radiation incident on the country at a conversion of 1%, is utilized for power generation, we will have excess power. Abe and Adetan [5] submitted if solar appliances with 5% efficiency are used to cover 1% of the country surface area, 2.541 x 10 6 MWh of electricity will be produced. There is abundant sunshine all year round in all parts of this country that are yet to be tapped for power generation. Despite this great potential, many parts of this country are still in darkness, many businesses and industries are grounded because of power problem. According to Philibert [6] , solar technologies are broadly characterized as either passive or active depending on the way they capture, convert and distribute sunlight. Active solar techniques use photovoltaic panels, pumps, and fans to convert sunlight into useful outputs. Passive solar techniques include selecting materials with favorable thermal properties, designing spaces that naturally circulate air, and referencing the position of a building to the Sun. Active solar technologies increase the supply of energy and are considered supply side technologies, while passive solar technologies reduce the need for alternate resources and are generally considered demand side technologies. Solar energy can be converted to produce electricity indirectly through solar thermal power plants and directly via photovoltaic PV devices [7] . The performance of a photovoltaic array is dependent upon sunlight. Climate conditions (e.g., clouds, fog) have a significant effect on the amount of solar energy received by a photovoltaic array and, in turn, its performance. Most current technology photovoltaic modules are about 10 percent efficient in converting sunlight into electricity. This efficiency is being improved upon to 20 % [6] .
Engineering principles of solar PV:
The photovoltaic cell is the basic building block of a photovoltaic system. Individual cells can vary in size from about 1 centimeter (1/2 inch) to about 10 centimeter (4 inches) across. However, one cell only produces 1 or 2 watts, which isn't enough power for most applications. To increase power output, cells are electrically connected into a packaged weathertight module. Modules can be further connected to form an array. The term array refers to the entire generating plant, whether it is made up of one or several thousand modules. The number of modules connected together in an array depends on the amount of power output needed [8] .
The photons of solar energy contain various amounts of energy corresponding to the different wavelengths of the solar spectrum. When photons strike a photovoltaic cell, they may be reflected, pass right through, or be absorbed. Only the absorbed photons provide energy to generate electricity. When enough sunlight (energy) is absorbed by the material (a semiconductor), electrons are dislodged from the material's atoms. Special treatment of the material surface during manufacturing makes the front surface of the cell more receptive to free electrons, so the electrons naturally migrate to the surface PV modules are integrated into systems designed for specific applications. The components added to the module constitute the "balance of system" or BOS. Balance of system components can be classified into four categories [9] :
Batteries -store electricity to provide energy on demand at night or on overcast days;
Inverters -required to convert the Direct current (DC) power produced by the PV module into Alternating current (AC) power;
Controllers -manage the energy storage to the battery and deliver power to the load; and Structure -required to mount or install the PV modules and other components.
Not all systems will require all these components. For example in systems where no AC load is present an inverter is not required. For on-grid systems, the utility grid acts as the storage medium and batteries are not required. Batteries are typically not required for PV water pumping systems, where a water reservoir "buffers" short-term demand and supply differences. Some systems also require other components which are not strictly related to photovoltaic.
Cost analysis for an average 3-bedroom and aroom apartment: In designing a solar PV system for a 3-bedromm and a-room apartment, the various components like the solar panels, inverter, charge controller and battery has to be selected based on their capacity and price. Tables 1 to 10 below give the breakdown of the selection.
The cost of powering a 3-bedroom apartment through a petrol generator can also be estimated to help know the cost benefit or otherwise of investing in solar PV. For example, the cost estimate of using a 2.0 KW Tiger TG 2700 model to electrify a 3-bedroom apartment is also shown in table 10 while that of powering a room apartment with a 650W Tiger 1000DC is shown in table 11. 
DISCUSSION OF RESULTS
The energy demand for an average 3-bed room flat with 10 lighting points, 6 fans, 2 Television sets, 2 DVD players and a fridge can be estimated as shown in Table 1 . With a wide range of solar panels available, the Kc85 model with 13 panels at a cost of N623,610 is selected as shown in Table 2 . From the list of 5 models of inverter available, the Magnum mm-1212 is selected based on its favourable voltage and price consideration ( Table 3 ). The cost price of the Magnum mm-1212 is N79, 443. From the analyses given in tables 1 t0 4 the cost price of 12V Sunsaver 6L charge controller is N5,850 while a 57Ah Deka 8G22NF battery will cost N44,916. The total cost for a 3 bedroom flat apartment is estimated to be N 738,375.30 while that of a 1-bedroom apartment, comprising of 4 lighting points, 1 Television set, 1 Fan and a VCD, is N172, 349 this is no doubt higher than the cost of powering the same kind of apartments with generator estimated at N647,800 and N171,200 respectively as shown in tables 10 and 11.
With more than 70% of the Nigerian population living in rural areas and no access to grid-supplied electricity, the high cost of grid extension to such areas and the widespread nature of rural communities, all these combine to make rural electrification by means of solar energy attractive. The development of solar energy is of interest as it reduces the high cost of oil imports, reducing environmental impact of conventional electricity supply by means of large scale fossils fuels and the attendant climate change phenomenon. The high cost of implementation of renewable energy technologies, particularly solar, is the major impediment militating against their widespread use [3], [9] . As shown in the tables above, the high cost is not unconnected to the fact that nearly all the parts are imported overseas at a very high cost. Also most of the personnel and technologies are sourced abroad.
Apart from the issue of cost, another obstacle is the low awareness of the usefulness, efficiency or reliability of the technologies. There is a lot of fear of the unknown; a lot of industrial entrepreneurs would rather stick to the known conventional modes of power generation rather than taking the risk of investing in new solar scheme. There is also lack of adequate and well-trained technical expertise to provide sustainable systems performance over their advertised life-time. Government policies in the power sector are oftentimes in favour of the conventional energy technology at the expense of the renewable energy technologies. This is making the renewable energy technologies less competitive on cost basis [9] . In many cases, government further subsidizes already popular conventional energy to give it an added advantage over the renewable energy technologies like solar.
To stem this trend, the necessary policy measures should be put in place to make solar energy the hub of power generation in Nigeria. At a policy level significant developments have been made in renewable energy and rural electrification largely based on the 2006 Renewable energy master plan and related documents. However in practice progress appears to have been virtually non-existent. The current renewable energy contribution is about 0.6 per cent of total electricity generation capacity [10] .
RECOMMENDATIONS:
In other to remove the constraints on the use of solar PV for power source in Nigeria, the following recommendations will be useful.
(1) Government should subsidize the cost of importation of Renewable Energy Technologies (RET) most especially solar PV to bring down the high cost in Nigeria. (2) Government should encourage private individuals to invest in the setting up of solar panels and other components of solar PV in Nigeria. (3) Government should adequately fund our universities, polytechnics and research institutes to develop a solar PV that will be adaptable to our environment so as to increase the efficiency of the solar panels which is currently 40% for the imported solar panels. (4) Government should create more awareness on the advantages derivable from Renewable Energy Technologies (RET) like solar so as to discourage people from generators. Government can also consider banning or placing restrictions on the importation of generators because of its adverse effects on the environment.
CONCLUSION:
Nigeria has been acknowledged as having enough solar energy potentials to solve its energy problem and provide the solution to its rural electrification problems. The development of solar energy systems are been encouraged because of its clean and environment-friendly nature and the reduction of the climate change phenomenon. This paper had focused on the constraints to the application of solar PV as a means of providing power for household use for lighting, fan, Television, etc. Though solar PV is costlier than generators in the beginning, but on the long run, it is obvious that investing on the solar PV is a worthwhile venture.
The constraints against widespread adoption of solar PV for lighting and powering household appliances are highlighted to include high cost of components and installation, the dearth of technical manpower to maintain the novel technologies in a sustainable manner adds to the lack of confidence of the consumer, and the reluctance of the business entrepreneurs to invest in the mass production of the components and parts which would have driven down cost. Also governments policies are skewed in favour of conventional sources of power at the expense of the renewables add to the low utilization of renewable energy technologies. Government should provide an enabling environment for the deployment and utilization of solar PV for household use by looking for a way of reducing the cost of the components. One major way of cost reduction is to domesticate the production of the component parts of solar PV and encourage active Research and development in this regard.
